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ANTI-BLOCKING AGENT AND PROCESS
FOR ITS MANUFACTURE

This 1s a division of application Ser. No. 08/470,162,
filed Jun. 6, 1995 U.S. Pat. No. 5,792,808.

The mvention relates to an anti-blocking agent compris-
ing silicon dioxide or mixtures of silicon dioxide and zeolite
and to a process for 1ts manufacture.

Micronized silicic acid gels and molecular sieves
(zeolites) are used to a great extent as anti-blocking agents
in polymer films. Synthetic amorphous silica gels have a
relatively large specific pore volume (usually called
porosity) and accordingly deliver a larger number of par-
ticles (of a certain size) per gram than products with lower
porosity (e.g. talc, chalk, natural silica gels such as diato-
maceous ecarth). If these particles, which generally have
diameters between 1 and 10 um (Coulter Counter), are
incorporated into polymer films 1n concentrations of the
order of 0.1%, they produce microscopic surface deforma-
tions which prevent the complete contact of films lying on
one another and facilitate separation of the films from one
another (for example in the case of shopping bags) or the
unwinding of film rolls. This 1s the “anti-blocking” effect.
For the above reasons, micronized synthetic silica gels are
more elfective anti-blocking agents than products with low
Or NO POrosity.

In many cases, a lubricating agent 1s added to polymer
films 1n addition to the anti-blocking agent. The lubricating
agent 1s 1n most cases a fatty acid amide such as oleic acid
amide or erucic acid and facilitates the sliding of the films
over one another (sliding effect). The present anti-blocking
agent reduces the effectiveness of the lubricating agent
however, because the latter 1s adsorbed on the surface of the
anti-blocking agent. As a result, some of the lubricating
agent 1s not available on the film surface, where it 1s required
for the desired sliding effect. Natural products have a very
small surface of 0.1 to 0.5 m*/g compared with synthetic
Si0, products having a surface of 300 to 600 m~/g. They
adsorb less lubricating agent than for example silica gel, but
have only a very small anti-blocking action as a result of the
low porosity.

The anti-blocking action of synthetic silica gels 1s almost
three times greater than that of products with a small surface,
but unfortunately, synthetic silica gels adsorb lubricating
agents. This means that a polyolefin film has for example to
be provided with 0.3 wt. % of an anti-blocking agent having,
a small surface and 0.1 wt. % lubricating agent or with 0.1
wt. % anti-blocking agent comprising synthetic silicic acid
and 0.15 wt. % lubricating agent 1n order to obtain the
desired anti-blocking and sliding properties. This shows that
the effectiveness of the lubricating agent 1s considerably
reduced 1n the presence of synthetic silicic acid, 1.€. approxi-
mately 50% more lubricating agent 1s required in order to
obtain the same sliding effect or the same low friction
coellicient.

Thus, although the traditional synthetic silicic acids are
highly effective anti-blocking agents, the adsorption of
lubricating agent 1s a problem, because
a) it makes it difficult to predict the ultimately obtainable
cifect of the lubricating agent in the film,

b) the higher quantity of lubricating agent increases the costs
of film manufacture and

¢) the required higher quantity of lubricating agent increases
the extractable quantity of organic constituents, which 1s
of 1mportance as regards approval of the film for the
packaging of foods.
According to EP-A-0 526 117 1t 1s reportedly possible to

oifset the reduced lubricating agent effect by adding alky-
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2

lene polyethers as “slip boosting agent”, so that smaller
quantities of lubricating agent suflice for the desired lubri-
cant effect. However, this procedure has the disadvantage
that other organic constituents must be added.

Compared with this, it 1s the object of the invention to
provide an anti-blocking agent having a high anti-blocking
action which avoids or greatly reduces the aforementioned
disadvantages of the prior art as regards adsorption of
lubricating agent, which can be dispersed 1n excellent man-
ner in the polymer film material and thereby leads to clearer
films (fewer flecks), treatment with an additive such as
according to EP-A-0 526 117 not being necessary, the
desired properties being achieved through optimum setting
of the physical properties (pore volume, pore size and
surface).

To achieve this object, an anti-blocking agent comprising,
silicon dioxide or mixtures of silicon dioxide and zeolite 1s
proposed, which 1s characterized in that it has a bimodal
pore size distribution.

A process for the manufacture of the anti-blocking agent
according to the invention 1s also a subject of the invention,
which 1s characterized 1n that a mixture of silicon dioxide of
a certain pore size and silicon dioxide and/or zeolite with a
different pore size 1s micronized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plot of surface area vs. minimum pore size for
an antiblocking agent of the mvention.

FIG. 2 1s a plot of surface area vs. minimum pore size for
prior art antiblocking agent.

FIG. 3 1s a plot of the pore size distribution for an
antiblocking agent of the mvention.

FIG. 4 1s a plot of the pore size distribution for a prior art
antiblocking agent.

FIG. 5 1s a comparison of coefficient of friction vs. time
after film extrusion for film containing the antiblocking
agent of the mvention and films containing prior art anti-
blocking agent or no antiblocking agent.

FIG. 6 1s a comparison of blocking force vs. silica content
for film containing the antiblocking agent of the mmvention
and films containing prior art antiblocking agents.

FIG. 7 1s a comparison of film haze vs. silica content for
f1lm containing the antiblocking agent of the mnvention and
films containing prior art antiblocking agents.

It was surprisingly found that when a mixture of two
anti-blocking agents having different pore sizes 1s used, an
anti-blocking agent 1s obtained whose overall properties are
very much better than those of the two mixture constituents.
It 1s particularly surprising that the anti-blocking effective-
ness of the mixture does not decrease 1n accordance with the
reduced average pore volume of the mixture. Rather, the
anti-blocking effectiveness of the mixture 1s almost exactly
as good as the traditional silicic acid anfti-blocking agent
having a pore volume of 0.9 to 1.2 ml/g. It was also
unexpected that the particles of the mixture can be dispersed
and distributed better in the films than 1s the case with
traditional silicic acid anti-blocking agents. This again leads
to considerably improved optical properties of the films,
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since the number of agglomerates 1 the films 1s lower. In
some cases, a lower expenditure on energy 1s sufficient when
using the anti-blocking agents according to the invention to
obtain a film of the same optical quality, compared with
using traditional silica gel anti-blocking agents (i.e. having
monomodal pore size distribution).

The pore size distribution (to be more exact: pore diam-
eter distribution) is represented by the distribution density
Curve:

pore volume density=f (pore diameter)

The pore volume density p(x) is obtained from:
plx)=dP(x)/dx,

P being the specific pore volume, p the pore volume
density and x the pore diameter. The pore size distribution 1s
determined according to ASTM D 4641-88 using the auto-
matic analysis device ASAP 2400 from Messrs. Micromer-
itics. As silicon dioxide has a hysteresis in the nitrogen
isotherm, the adsorption curve 1s used. The integrated pore
volume (up to 600 A pore diameter) is the specific pore
volume. The specific surface 1s measured with the same
device by gas adsorption according to Brunauer, Emmett
and Teller (BET) by multi-point measurement within the
scope of the pore size distribution determination. Measure-
ment 1S carried out according to DIN 66131.

A bimodal pore size distribution has two maxima (peaks)
(see e.g. FIG. 3). The bimodality of the pore size distribution
of the anti-blocking agent according to the invention can be
determined 1n two ways, namely from the pore diameter
distribution of the end-product according to the invention (as
in FIG. 3) or by calculating the average pore diameter of the
mixture components from the corresponding pore volumes
and the corresponding surfaces according to Wheeler (A.

Wheeler in P. H. Emmet (Editor), Catalysis, Vol. 2,
Reinhold, N.Y., 1955, page 116).

In the case of the bimodal pore size distribution of the
anti-blocking agent according to the invention, the first
maximum 1s located 1n the pore size range <5 nm. The
second maximum 15 located 1n the pore size distribution
range >0 nm.

In the range of silica gels obtainable commercially, the
following generally applies: gels having a smaller speciiic
pore volume have a low pore size and a large specific
surface, whilst gels with large specific pore volumes have a
large pore size and a relatively small specific surface. This
can be demonstrated with reference to the following
examples:

Speciiic Average pore
pore volume, S1ZE Specific
Trade name ml/g (Wheeler), nm  surface, m“/g
SYLOID AL-1 0.4 2.3 700
SYLOBLOC 47 1.1 9.2 480

The anti-blocking agent according to the invention rep-
resents a new type of anti-blocking agent with optimized
properties. For this, it necessary that a relatively large
proportion of the surface 1s located 1n pores which are so
small that the additive molecules (e.g. fatty acid amides) are
not able to enter, and that the overall porosity 1s nevertheless
large enough to ensure a satisfactory anti-blocking effec-
tiveness. According to the invention, an anti-blocking agent
having large pores (e.g. average 9.2 nm) is accordingly
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4

combined with an anti-blocking agent having small pores
(e.g. average 2.3 nm). The anti-blocking agent with the large
pores delivers an adequate pore volume for the anti-blocking
cfiectiveness. The majority of the surface 1s however to be
found 1n the pores of the anti-blocking agent having small
pores, with the result that the additive molecules cannot be
adsorbed. FIGS. 1 and 2 show for example that the surface
available 1n pores having a diameter of more than 10 nm 1s
approximately 100 m*/g for a standard anti-blocking agent
and only 40 m?/g for the anti-blocking agent according to the
invention (silica gel).

The anti-blocking agent according to the 1nvention deliv-
ers a considerably improved dispersibility and very clear
polymer films. The anti-blocking effectiveness 1s practically
the same as with traditional silica gels, but the adsorption of
fatty acid amides 1s considerably reduced compared with
traditional silica gels.

Traditional S10., anti-blocking agents are micronized
S10.,, compositions with a pore volume of 0.9 to 1.2 ml/g.
Products with a higher pore volume are difficult to disperse
if standard incorporation devices are used. They are there-
fore not used in practice. Products with a smaller pore
volume are better 1n terms of dispersibility, but show a
clearly lower anti-blocking effectiveness. The anti-blocking
agent according to the invention 1s advantageously produced
from two anti-blocking agents 1n a mixture ratio of 2:8 to
8:2, whereby the two mixture components have different
pore volumes. The pore volume of one anti-blocking agent
should be 0.9 to 1.9 ml/g and that of the other 0.3 to 0.6 ml/g.
The corresponding surfaces usually lie 1n the range from 250
to 500 m~/g and 500 to 900 m~/g respectively, so that the
average pore diameters are 7.2 to 30.4 nm and 1.3 to 4.8 nm
respectively. The two anti-blocking agents are preferably
micronized together 1n a jet mill to an average particle size
of 1 to 10 um (Coulter Counter). The pore size distribution
of the product obtained 1s bimodal, the surface 1s approxi-
mately 600 m*/g and the pore volume approximately 0.6
ml/g (see Example 1).

The pore size distributions of an anti-blocking agent
according to the invention (silica gel) and of a traditional
anti-blocking agent (silica gel) are shown in FIGS. 3 and 4
respectively.

Anti-blocking agents suitable according to the invention
are micronized silica gels and precipitated silicic acids and
zeolites. The latter are suitable as a component with a
smaller pore diameter, for example 0.3, 0.4, 0.5 or 1 nm.
Examples are sodium zeolites A, X and Y, partially or
completely substituted with K or Ca. The polymer films in
which the anti-blocking agent according to the invention 1s
used preferably consist of polyethylene, polypropylene or
linear polyester.

The anti-blocking agents according to the mvention can
be combined with lubricating agents for processing 1n poly-
mer films, so that combined anti-blocking and lubricating
agents are produced. Suitable as lubricating agents are
amides of unsaturated C,.—C,, fatty acids and in particular
oleic acid amide and erucic acid amide. Accordingly, the
combined anti-blocking and lubricating agents advanta-
geously consist of 20 to 80 wt. % of one or more amides of
unsaturated C,,—C,, fatty acids and 80 to 20 wt. % of the
bimodal anti-blocking agent according to the invention.

In another use form, which i1s particularly suitable 1n
practice, the anti-blocking agent according to the invention
or the combined anti-blocking and lubricating agent exists in
the form of a master batch, 1.e. it 1s incorporated already 1n
a relatively high concentration 1nto a polymer, 1n particular
a polyolefin. The polymer 1s preferably the same polymer as
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that which also constitutes the film into which the anti-
blocking agent or the combined anti-blocking and lubricat-
ing agent 15 to be incorporated. The concentration of the
anti-blocking agent or the combined anti-blocking and lubri-
cant agent 1n the master batch 1s generally 10 to 50 wt. %.

EXAMPLE 1

Asilica gel with a pore volume of 0.46 ml/g (measured by
nitrogen adsorption) and a BET surface of 802 m</g
(average pore size 2.3 nm) and a silica gel with a pore
volume of 0.93 ml/g and a BET surface of 529 m*/g (average
pore size 7.0 nm) were fed into a steam jet mill in a weight
rat1o of 50/50. A grinding pressure of 6 bar at a temperature
of the superheated steam of 290° C. led to the desired
particle size of 4 um (Coulter Counter). The particle size
distribution agreed with that of a micronized silica gel which
had been prepared from only one of the two silica gels. The
resulting pore volume was 0.62 ml/g and the resulting
surface 610 m*/g. The pore size distribution was bimodal as
shown 1n FIG. 3. As comparison, the pore size distribution

of a silica gel having a pore volume of 0.93 ml/g
(SYLOBLOC 45) is reproduced in FIG. 4.

EXAMPLE 2

Using an mternal mixer, 0.2 wt. % silica gel and 0.2 wt. %
oleic acid amide were incorporated into polyethylene (LD-
PE) having a density of 0.924 g/cm” and a melt index of 1.5
¢/10 min (190° C/2.16). As comparison, a sample was
prepared which contained only 0.2 wt. % oleic acid amide.

Films with a film thickness of 1 mm were extruded from

these materials 1 a laboratory extruder. The extrusion
temperatures were 180° C. (cylinder) and 190° C. (die). The

die had a width of 10 cm.

The dynamic friction coeflicient of the extruded films was
measured 1, 4 and 6 days after extrusion. Measurements

were carried out with a device from the Davenport Company
(Davenport Friction Tester) according to BS 2782 Method
311 A.

FIG. 5 shows that the sample containing the traditional
silica gel SYLOBLOC 47 (pore volume 1.1 ml/g) and oleic
acid amide has a higher friction coefficient than the samples
containing a) only oleic acid amide and b) the silica gel
according to the mvention and oleic acid amide.

The silica gel prepared according to Example 1 had a pore
volume of 0.62 ml/g and absorbed very much less oleic acid
amide than silica gels having a larger pore volume. The
silica gel particles lead to a micro-rough film surface and the
friction coeflicient of the samples containing the silica gel
according to the invention and oleic acid amide 1s accord-
ingly lower than that of the sample which contains only oleic
acid (a sample of this type has a flat surface because no silica
gel particles are present).

EXAMPLE 3

The dispersibility of the silica gel according to the inven-
fion was 1nvestigated several times. As comparison, a
SYLOBLOC 45 standard silica gel anti-blocking agent and
a SYLOBLOC silica gel having monomodal pore size
distribution (pore volume 0.7 ml/g) were investigated.

a) The silica gels were mixed dry with polypropylene
pellets (Novolen 1300, BASF). The quantities of silica gel
were 0.2 and 0.5 wt. %. Flat polypropylene films were
extruded from these mixtures (film thickness 50 um). It
should be pointed out that the extruder did not have a filter
of any kind.
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In the case of all films, the flecks (agglomerates) mea-
suring more than 0.4 mm were counted. The area 1nvesti-
gated was 0.012 m”. Whilst the number of flecks on using
0.5 wt. % of the silica gel according to the invention
(Example 1) was 40, the samples with 0.5 wt. % SYLOB-
LOC 45 standard silica gel and silica gel with monomodal
pore size distribution had more than 100 flecks.

b) The silica gels were incorporated into polypropylene
using a twin-screw extruder in order to produce a master
batch which contained 5 wt. % silica gel and 95 wt. %
polypropylene. The master batch was then mixed with pure
polypropylene pellets 1n order to establish an end concen-
tration of 0.5 wt. % silica gel. Film extrusion and counting
of the flecks was carried out as described under a).

The film containing the silica gel according to the mmven-
tion had noticeably fewer flecks than films containing the
other silica gels.

EXAMPLE 4

Different quantities of silica gel were incorporated into
polyethylene (LD-PE) having a density of 0.924 g/cm” (500,
1000 and 2000 ppm). Films having a thickness of 40 um
were produced. The extrusion conditions comprised a tem-
perature of 160° to 170° C. (cylinder), 180° C. (die) and
output of 10 kg/h.

The thus-obtained blown films were blocked artificially.
For this, film samples measuring 10x7 cm” were placed in
an oven at 60° C. for 3 hours. The films were exposed to a
loading of 0.3 N/cm~”. After the film blocking, the force
required to separate two films was determined using a
Davenport Film Blocking Tester.

It 1s evident from the results in FIG. 6 that the silica gel
according to the imvention according to Example 1 has
almost the same anti-blocking effectiveness as a traditional
SYLOBLOC 45 silica gel having a pore volume of 1.2 ml/g
and monomodal pore size distribution, and a significantly
improved anti-blocking effectiveness vis-a-vis a silica gel
(A) having a pore volume of 0.7 ml and monomodal pore
size distribution.

EXAMPLE 5

The haze at extruded flat polypropylene films having a
thickness of 50 um was measured according to ASTM D
1003. FIG. 7 shows that the silica gel according to the
invention according to Example 1 produced considerably
less film haze than the standard SYLOBLOC 45 silica gel
and a silica gel (A) having the same pore volume but a
monomodal pore size distribution.

What 1s claimed 1s:

1. Antiblocking agent comprising silicon dioxide or mix-
tures of silicon dioxide and zeolite, wherein said antiblock-
ing agent has a bimodal pore size distribution 1n which a first
maximum lies 1n the pore size range <5 nm and a second
maximum lies 1 the pore size range >6 nm.

2. Anti-blocking agent according to claim 1 which con-
sists of a mixture of 2 anfti-blocking agents having different
pore volumes 1n the weight ratio of 8:2 to 2:8.

3. Anti-blocking agent according to claim 2 1n which the
two anti-blocking agents consist of amorphous silica gels,
onc of which has a pore volume of 0.9 to 1.9 ml/g and a
surface of 250 to 500 m*/g and therefore an average pore
diameter of 7.2 to 30.4 nm, and the other a pore volume of
0.3 to 0.6 ml/g and a surface of 500 to 900 m*/g and
therefore an average pore diameter of 1.3 to 4.8 nm.

4. Process for the manufacture of an anti-blocking agent
according to claim 1, characterized in that a mixture of
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silicon dioxide of a certain pore size and silicon dioxide
and/or zeolite with a different pore size 1s micronized.

5. Process according to claim 4, characterized in that a jet
mill 1s used for micronizing to a particle size of 1 to 10 um.

6. A polymer film comprising a polymer resin and an
antiblocking agent wherein said antiblocking agent contains
silicon dioxide or mixtures of silicon dioxide and zeolite,
and said antiblocking agent has a bimodal pore size distri-
bution 1n which a first maximum lies in the pore size range
<5 nm and a second maximum lies 1n the pore size range >6
nim.

7. The polymer film of claim 6 wherein said composition
further comprises a lubricating agent.

8. The polymer film of claim 7 wherein said lubricating
agent 1s selected from the group consisting of amides of
C,—C,, fatty acids or mixtures thereof.

9. The polymer film of claim 6 wherein said film contains
about 20-80 wt. % of said lubricating agent based on the
combined weight of said lubricating agent and said anti-
blocking agent.

10. The polymer film of claim 6 wherein said antiblocking
agent comprises (1) a silica gel having a pore volume of
about 0.9 to 1.9 ml/g and a surface area of about 250 to 55
m~/g and therefore an average pore diameter of about 7.2 to
30.4 nm, and (i1) a silica gel having a pore volume of about
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0.3 to 0.6 ml/g and a surface area of about 500 to 900 m~/g
and therefore an average pore diameter of about 1.3 to 4.8
nim.

11. A polymer masterbatch composition comprising poly-
mer resin and about 10 to 50 wt. % total of antiblocking
agent and lubricant wherein said antiblocking agent com-
prises silicon dioxide or mixtures of silicon dioxide and
zeolite, and said antiblocking agent has a bimodal pore size
distribution 1in which a first maximum lies 1n the pore size
range <5 nm and a second maximum lies 1n the pore size
range >0 nm.

12. The polymer masterbatch composition of claim 11
wherein said composition contains about 20—-80 wt. % of
said lubricating agent based on the combined weight of said
lubricating agent and said antiblocking agent.

13. The polymer masterbatch composition of claim 11
wherein said antiblocking agent comprises (1) a silica gel
having a pore volume of about 0.9 to 1.9 ml/g and a surface
area of about 250 to 500 m*/g and therefore an average pore
diameter of about 7.2 to 30.4 nm, and (i1) a silica gel having
a pore volume of about 0.3 to 0.6 ml/g and a surface area of
about 500 to 900 m*/g and therefore an average pore
diameter of about 1.3 to 4.8 nm.
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